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DESCRIPTI ON 

MOLD, METHOD OF FORMING THE SAME, AND METHOD OF 
PRODUCING POLYCRYSTALLINE SILICON SUBSTRATE 
USING THE MOLD 

1. Field of the Invention 

[0001] The present invention relates to a mold 
suited to cast a polycrystalline silicon ingot 
used for a silicon substrate for a solar cell, for 
example, and more particularly to a mold, which 
can be assembled and dissembled, comprising one 
bottom plate and four side plates and a method of 
forming the same, and a method of producing a 
polycrystalline silicon substrate using the mold. 

2. Description of Related Art 

[0002] Practical application of solar cells is 
expected in a wide field from small-scale domestic 
purposes to large-scale power generating systems 
as clean sources of alternative energy to oil* The 
solar cells are classified into system, such as 
crystalline, amorphous, and compound depending on 
the type of raw material to be used. Among them, 
many of the solar cells currently in the 
marketplace are crystalline silicon solar cells. 
The crystalline silicon solar cells are further 
classified into mono c r y s t a 1 1 i ne types and 
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p o 1 y c r y s t a 1 1 i n e types. The mo n o c r y s t a 1 1 i n e 
silicon solar cells have advantages that the 
conversion efficiencies thereof are easily 
improved because the qualities of substrates are 
good, while having disadvantages that the 
production costs of the substrates are high . 
[0003] On the other hand, the p o 1 y c r y s t a 1 1 i n e 
silicon solar cells have been conventionally in 
the marketplace* However, demands therefor have 
been increasing in recent years, so that high 
■conversion efficiencies have been required at 
lower costs. In order to cope with such demands, 
it is necessary to reduce the costs of the 
po 1 y cr y s t a 1 1 ine silicon substrates and increase 
the qualities thereof- Particularly, it is 
required that high-purity silicon ingots are 
produced with high yields. 

i 

[ 0004 ] Methods of forming p o 1 y c r y s t a 1 1 i n e 
silicon ingots by pouring melts in which silicon 
is dissolved by heating into molds to solidify the 
melts in one direction from bottom surfaces of the 
molds or pouring silicon raw materials into molds 
to dissolve the silicon raw materials once and 
then, solidifying the silicon raw materials in one 
direction from bottom surfaces of the molds have 
been generally used. 
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[0005] The ingots thus obtained are processed 
into p o 1 y c r y s t a 1 1 i n e silicon substrates for solar 
cells by cutting away the textures of their side 
surfaces and bottom surfaces having a large number 
of defects and impurities and their heads having 
impurities incrassated by solidification and 
segregation phenomena by thicknesses of not less 
than several millimeters and slicing the textures 
thin using multi-wire saws or the like. 
[0006] Used as such molds have been a mold 
composed of silicon dioxide (Si0 2 ) such as quartz 
or molten silica, graphite, or the like superior 
in shape stability even at a high temperature of 
approximately 1450°C for dissolving and 
solidifying silicon and having .a ,mold release 
coating mainly composed of silicon nitride 
(S13N4) , silicon dioxide (Si0 2 ) , or the like formed 
on its inner surface {see Document [1], for 
e x amp le) . 

[0007] Fig. 16 is a cross-sectional view of a 
conventional mold 121 formed of silicon dioxide 
(Si0 2 ) such as quartz or molten silica, graphite, 
or the like and having a bottom surface and side 
surfaces integrally formed therein* A mold 
release material 122 is applied to an inner surface 
of the mold 121. 
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[ 0008 ] Such a i n t e g r a 1 - t y p e mold 121 cannot be 
reused because the mold must be destroyed so as 
to take out a silicon ingot, so that the production 
cost of the silicon ingot is significantly high. 
[ 0009 ] In order to form the i n t e g r a 1 - t y p e mold 
121, an inner surface of the mold requires a draft 
angle (taper) for removing a molded object from 
a metal mold so as to form a raw material into a 
mold shape by cast molding, press molding, or the 
like. Therefore, a side surface of the silicon 
ingot cast by the mold 121 is provided with a 
reversed taper 123 that spreads toward the head 
of the ingot from the bottom thereof, so that an 
end material portion, which will not be a product, 
is .enlarged. Therefore, a ,h ±jg h-cost silicon raw., 
material must be removed extra, so that the 
production cost of the silicon ingot is increased* 
[0010] In order to take out a silicon ingot from 
such an i n t e g r a 1 - t yp e mold without destroying the 
mold, a method of further providing an inner 
surface of the mold with a larger taper has been 
proposed (see Document [2], for example) • 
However, particularly a mold composed of molten 
silica is difficult to reuse because it is cracked 
due to differences in a temperature gradient and 
a sintered state within the mold in the process 
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of cooling a block from a high-temperature state* 
Further, a mold made of quartz is very difficult 
to reuse because it wears by its inner surface 
layer coated with a mold release material being 
changed into cristoblite and stripped. Therefore, 
the material yield of the produced silicon ingot 
is low. From such reasons, the production cost 
of the silicon ingot is significantly increased. 
[0011] In order to avoid such problems, a method 
of producing a plate-shaped bottom surface member 
and lateral surface members using high-purity 
graphite and assembling and screwing the members, 
to produce a mold has been also tried (see Document 
[ 3 ] , for ex amp 1 e ) . 

.[,0 012] Fig. 17 is. a perspective view of a 
conventional a s s emb 1 y - t y p e mold 131 composed of 
graphite or the like. One bottom surface member 
132 and four lateral surface members 133 are joined 
to each other by driving an assembling screw 134. 
This allows a silicon ingot to be taken out without 
destroying the mold 131 differently from the 
integral- type mold. 

[0013] Since the mold made of high-purity 
graphite is high in cost, it must be repeatedly 
used so as to realize the cost reduction of a 
p o 1 y c r y s t a 1 1 i n e silicon ingot. However, as 
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silicon is a material that solidifies and expands 
because of a higher density in liquid silicon than 
in solid silicon, when a silicon melt is cooled 
and set within the mold, the bottom surface member 
132 and the lateral surface member 133 in the mold 
experience stress in the direction in which they 
spread outward* The assembly-type mold using the 
assembling screw 134, the stress due to 
solidification and expansion at the time of 
cooling and setting of the silicon melt causes 
shear stress and tensile stress to be applied to 
a screwed portion of the mold 131, so that the screw 
134 fractures, or a thread of the screw 134 is 
stripped, for example. As a result, joining 

between the bottom, surface member 132 and the 

lateral surface member 133 is loosened, so that 
the silicon melt leaks out of the mold, or it 
becomes impossible to reuse the screw 134 and a 
mold m e nib e r . 

[0014] In order to avoid this problem, a method 
of providing a silica power layer in a mold release 
coating in a mold and absorbing stress due to 
solidification and expansion of silicon by 
softening and deforming the silica powder layer 
and a method of changing the wall thickness of a 
lateral surface member in a mold and changing the 
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direction of stress created at the time of 
solidification and expansion of silicon into the 
direction of tensile stress of a screw utilizing 
the fact that a surface having a small wall 
thickness is easy to deform to prevent the screw 
from fracturing have been tried (see Documents [4] 
and [ 5 ] ) . 

[0015] However, such a mold assembling screw and 
a thread such as a female thread processed on the 
mold side are worn by repetitive use, and a screwed 
portion and a portion where each of the lateral 
surface member 133 and the bottom surface member 
132 are brought into contact with each other become 
loose, so that the problem that the silicon melt 
leaks in the.- processes of dissolving silicon .and 
cooling and setting the silicon melt fundamentally 
remains* In a configuration in which the lateral 
surface member 133 or the bottom surface member 
132 in the mold is provided with a thread for 
attaching a screw, when the thread is stripped, 
a mold member itself cannot be employed. 
Therefore, the life of a graphite mold member is 
short irrespective of high costs, so that the 
problem that the production cost of a silicon ingot 
is increased remains* 

[0016] Such an assembly-type mold using a screw 
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also has a problem that the screw 134 must be 
attached or detached one at a time in the case of 
assembling and disassembling, so that it takes 
much time to perform the work. Further, the bottom 
surface member 132 and the lateral surface member 
133 must be respectively provided with screwed 
portions, so that the thickness of mold member 
cannot be reduced. Therefore, the cost of the mold 
member cannot be reduced, and the production cost 
of the silicon ingot is increased, 

[1] 15th Photovoltaic Specialist 
Conf . (1981) , P57 6-P58 0 , "A NEW DIRECTIONAL 
SOLIDIFICATION TECHNIQUE FOR POLYCRYSTALLINE 
SOLAR GRADE SILICON" 

[2] ...Japanese Unexamined Patent Publication 
No . 1 0-1 9 0-02 5 A 

[3] Japanese Unexamined Patent Publication 
No . 62-108515 A 

[4] Japanese Unexamined Patent Publication 
No. 6-144824 A 

[5] Japanese Unexamined Patent Publication 
No, 10-182285 A 

[0017] An object of the present invention is to 
provide a mold for casting a p o 1 y c r y s t a 1 1 i n e 
silicon ingot for producing a high-quality silicon 
ingot at low cost and a method of forming the same 
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as well as a method of producing a polycrystalline 
silicon substrate using the mold. 

SAMMARY OF THE INVENTION 

[0018] Arnold according to the present invention 
is formed by combining a bottom surface member and 
four lateral surface members abutted against the 
bottom surface member, in which an engaging 
structure comprising a recess and a projection for 
engaging the adjacent lateral surface members is 
provided on a side of each of the lateral surface 
m e mb e r s . 

[0019] Since the mold having such a 
configuration need not be provided with a screw 
hole ior^attaching a screw to the lateral surface 
member in the mold, the problem that a thread of 
the screw is stripped, a mold member itself cannot 
be employed, and the life of a high-cost graphite 
mold member is shortened is solved, .Consequently/ 
the increase in the production cost of a silicon 
ingot can be restrained. Assembly and disassembly 
work of the mold is more dramatically simplified, 
and working efficiency is more significantly 
improved, as compared with those in a conventional 
mold to which a large number of screws or bolts 
had to be attached for the purpose of fixing. 
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[0020] It is desirable that the engaging 
structure is a structure in which the projection 

* 

of one of the lateral surface member and the recess 
of the other lateral surface member adjacent 
thereto are engaged with each other, and out of 
engaging surfaces that are substantially level 
with a bottom surface of the bottom surface member, 
a distance between the engaging surface closest 
to the upper side of the lateral surface member 
and the upper side is in a range of not less than 
1 cm nor more than 8 cm* The setting in this range 
effectively restrains warping at the top of the 
lateral surface member, so that the lateral 
surface member can be kept substantially 
perpendicular to the bottom surface member, 
[0021] If the shapes of the engaging structures 
respectively provided on the sides on both sides 
of each of the lateral surface members are in an 
asymmetrical relationship with a center line of 
the lateral surface member used as a basis, the 
engaging strength between the lateral surface 
members is increased, so that the effect of warping 
and deflection is alleviated. 

[0022] If the shapes of the engaging structures 
respectively provided on the sides on both sides 
of the lateral surface member are in a 
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point-symmetrical relationship, the top and the 
bottom of the lateral surface member can be 
reversed. As a result, the life of the mold member 
can be lengthened. Since all the shapes of the 
four lateral s u r f a c e memb e r s are the same, the mold 
is assembled only by the lateral surface members 
in one type of shape, so that the production cost 
of the silicon ingot can be restrained. 
[0023] The bottom surface member has a closed 
groove for dividing its upper surface into a square 
bottom surface center and a square bottom surface 
outer periphery, and the respective bottom sides 
of the four lateral surface members are engaged 
with the groove of the bottom surface member so 
a-s.,tr>. surround the bottom s-.ur_.face center with the 
four lateral surface members combined. The mold 
can be so configured that wedge members are 
respectively arranged in clearances between outer 
peripheral surfaces of the four lateral surface 
members engaged with the groove of the bottom 
surface member and the bottom surface outer 
periphery- The lateral surface members in the mold 



are pressed by the wedge member, so that a joining 
portion between the bottom surface member and each 
of the lateral surface members is firmly fixed at 
the bottom of the mold to which stress due to the 
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weight of a silicon melt is greatly applied* 
Therefore, the silicon melt can be prevented from 
leaking out of the mold, which makes it possible 
to increase the size of the mold. 

[0024] The mold may have a configuration in 
which the bottom surface member is in a square ■ 
shape, and the four lateral surface members are 
abutted against a side surface of the bottom 
surface member, and comprising a mold holder for 
placing the bottom surface member and the four 
lateral surface members that are combined, a 
plurality of wedge receivers arranged on an upper 
surface of the mold holder, and wedge members 
respectively arranged in clearances between the 
.outer peripheral surfaces... of the four lateral .... 
surface members provided upright so as to surround 
the bottom surface member and the plurality of 
wedge receivers. The lateral surface members in 
the mold are pressed by the wedge member, so that 
a joining portion between the bottom surface 
member and each of the lateral surface members is 
firmly fixed at the bottom of the mold to which 
stress due to the weight of a silicon melt is 
greatly applied. Therefore, the silicon melt can 
be prevented from leaking out of the mold, which 
makes it possible to increase the size of the mold. 
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[0025] Even if the wedge receiver is removable 
from the upper surface of the mold holder, only 
the wedge receiver can be independently replaced 
even when it wears with repetitive use, so that 
the mold holder need not be replaced, and can be 
continuously reused. Therefore, the cost of the 
mold can be reduced* 

[0026] If a clearance between a wedge receiver 
selected out of the plurality of wedge receivers 
and an other wedge receiver arranged at a position 
opposed thereto on the upper surface of the mold 
holder can be adjusted, the joining portion 
between the bottom surface member and each of the 
lateral surface members can be firmly fixed by 
adjusting the c 1 e a r a.nc e - b e t w e e n the opposed., two 
wedge receivers even when the joining portion 
between the bottom surface member and the lateral 
surface member or a surface where the wedge and 
the wedge receiver are brought into contact with 
each other wears. 

[0027] Furthermore, it is preferable that there 
is provided a frame-shaped member surrounding the 
outer periphery of the four lateral surface 
members integrated by engaging the adjacent 
lateral surface members for constraining 
displacement between the lateral surface members. 
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The fixing strength of the engaging structure 
between the lateral surface members is increased 

■ 

by using the frame-shaped member, so that the mold 
can be increased in size and thinned. Further, 
even if stress applied to the lateral surface 
members is large, the lateral surface member can 
be prevented from warping* 

[0028] There may be provided a frame-shaped 
member arranged with play given between the 
frame-shaped member and the four lateral surface 
members, and pressing jigs may be respectively 
driven into clearances between the frame-shaped 
member and four outer corners formed by the 
adjacent lateral surface members. The pressing 
jig allows the lateral surface member ....t-o b..e .firmly 
pressed even if stress applied to the lateral 
surface member is large and can prevent the lateral 
surface member from being deflected. Assembly and 
disassembly work of the mold is dramatically 
simplified, and working efficiency is 
significantly imp roved. 

[0029] The pressing jig may have two jig 
surfaces respectively abutted against the outer 
peripheral surfaces of the two lateral surface 
members forming the outer corner of the mold. The 
pressing jigs may be arranged in four areas of the 
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outer corners of the mold only, so that the number 
of members can be reduced, leading to simplified 
work and reduced material costs. The outer 
peripheral surfaces of the two lateral surface 
members forming the outer corner can be fixed with 
an uniform force by the two jig surfaces of the 
pressing jig. 

[0030] It is preferable that the pressing jig 
has a relief groove provided in an area 
corresponding to the outer corner of the mold such 
that the outer corner is not directly abutted 
ther eagains t • The area corresponding to the outer 
corner is provided with the relief groove, so that 
the outer corner of the mold is prevented from 
being br.oug.h t-d nto contact with t.h .e p,r e .s .s i n g jig 
in attaching and detaching the pressing jig to and 
from the frame-shaped member. Even if attachment 
and detachment work is repeatedly performed, 
therefore, the outer corner can be prevented from 
being deformed and damaged, leading to reduction 
in the cost of the mold. 

[0031] The frame-shaped member may have a 
projection abutted against the opposed lateral 
surface member for constraining displacement 
therebetween provided in its inner periphery. 
When the lateral surface member in the mold 
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attempts to be deflected outward due to expansion 
caused by cooling and setting of the silicon melt, 
the displacement can be restrained by the 
proj ection . 

[0032] It is preferable that when the engaging 
structure comprises engaging surfaces each 
comprising the projection of the one lateral 
surface member and the recess of the other lateral 
surface member engaged with and abutted against 
each other and being substantially level with the 
bottom surface of the bottom surface member, the 
frame-shaped member s are respectively arranged at 
positions of the engaging surfaces* This can 
prevent the lateral surface member from being 
deflected...e,ven if stress is greatly -applied to the 
lateral surface member as the frame-shaped member 
is fixed. 

[0033] If the mold further comprises a mold 
release material applied to a mold inner surface 
comprising the bottom surface member and the 
lateral surface members, and four corners and 
eight ridges respectively serving as locking 
sections between the bottom surface member and the 
lateral surface members and locking sections 
between the lateral surface members, an inner wall 
of the mold and the silicon ingot are hardly welded 



after the silicon melt is solidified, so that the 
bottom surface member and the lateral surface 
members can be repeatedly used many times. Since 
the four corners and the eight ridges respectively 
serving as the locking sections are reliably 
sealed by the mold release material, the leakage 
of the silicon melt is reduced* 

[0034 ] A method of forming a mold according to 
the present invention comprises a first step of 
applying a mold release material to respective 
surfaces of one bottom surface member and four 
lateral surface members, followed by drying; a 
second step of providing the four lateral surface 
members upright with the bottom surface member 
.used. ,a ; s. a bottom surf ace f ...and ,a.s.sembling the 
members in a box shape such that the surfaces to 
which the mold release material is applied 
positioned inside; and a third step of 
additionally applying the mold release material 
to locking sections comprising four corners and 
eight ridges that are formed by the bottom surface 
member and the lateral surface members- Each of 
the release members may be coated with the mold 
release material before the mold is assembled, and 
the mold release material may be only additionally 
applied only to the joining portion between the 
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mold members after the mold members are assembled 
to the shape of the mold 1, so that work is 
dramatically simplified and working efficiency is 
significantly i mp roved* 

[0035] A poiycrystalline silicon substrate 
producing method according to the present 
invention is a method of producing a silicon ingot 
using the mold according to the present invention 



that has been described and obtaining a 
poiycrystalline silicon substrate from the 
silicon ingot. The poiycrystalline silicon 
substrate produced by this method resists 
repetitive use, and is obtained from the silicon 
ingot produced using the mold whose assembly and 
.disassembly work is significantly simple, so that 
lower costs can be expected. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (a) is a perspective view showing an 
embodiment of a mold formed by combining a bottom 
surface member 2 and four lateral surface members 
3 in the present invention. 

Fig. 1 (b) is a developed view. 

Fig- 2 is a diagram showing the state of 
warping of a lateral surface member. 

Fig. 3 (a) is a perspective view showing 



another embodiment of a mold formed by combining 
a bottom surface member 2 and four lateral surface 
members 3 in the present invention. 
Fig. 3 (b) is a developed view. 

Fig. 4 (a) is a c r o s s - s e c t i o n a 1 view of a mold 
comprising a bottom surface member having a closed 
groove for dividing the mold into a square bottom 
surface center and a square bottom surface outer 
periphery. 

Fig. 4 (b) is a c r o s s - s e c t i o n a 1 view taken 
along a line A - A shown in Fig. 4 (a) . 

Fig. 5 (a) is a c r o s s - s e c t i o n a 1 view showing 
an embodiment of a mold according to the present 
invention, comprising a mold holder and wedge 

....x eceivers . . 

Fig. 5 (b) is a c r o s s - s e c t i o n a 1 view taken 

along a line B - B shown in Fig. 5 (a) . 

Fig. 6 is a c r o s s - s e c t i o n a 1 view showing 
another embodiment of a mold according to the 
present invention. 

Fig. 7 is a partially enlarged sectional view 
of a wedge receiver in a mold according to the 
present invention. 

Fig. 8 (a) is a perspective view of a mold 
according to the present invention comprising a 
frame-shaped member. 
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Fig. 8 (b) is a c r o s s - s e c t i on a 1 view showing 
the shape of the frame-shaped member. 

Fig. 8 (c) is a c r o s s - s e c t i on a 1 view showing 
another shape of the f r am e - s h a p e d member. 

Fig, 9 (a) is a perspective view showing a 
state where pressing jigs are respectively 
arranged in clearances between a frame-shaped 
member and four outer corners formed by the 
adjacent lateral surface members, 

Fig. 9 (b) is a c r o s s - s e c t i on a 1 view thereof. 
Figs. 10 (a) to 10 (c) are diagrams showing 
the shape of a pressing jig in a mold according 
to the present invention. 

Fig. 11 (a) is a perspective view of a mold 
according to the present invention compr i s ing.-. a 
frame-shaped member and pressing jigs. 

Fig. 11 (b) is a cross-sectional view thereof. 
Fig. 12 (a) is a perspective view of a mold 
according to the present invention comprising a 
frame-shaped member having projections. 

Fig. 12 (b) is a plan view thereof. 
Fig. 13 (a) is a perspective view of a mold 
according to the present invention in which a 
frame-shaped member is arranged at a position of 
an engaging surface 4a. 

Fig. 13 (b) is a perspective view of a mold 



2 1 

according to the present invention in which a 
pressing jig is arranged at a position of an 
engaging surface 4a . 

Fig* 14 is an illustration showing a silicon 

casting device. 

Fig. 15 is a perspective view for explaining 
a method of slicing an ingot using a wire saw. 

Fig. 16 is a c r o s s - s e c t i o n a 1 view showing a 
conventional mold. 

Fig. 17 is a perspective view showing a 
conventional mold. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0036] Embodiments of the present invention 

will be described ..in detail while referring to 
a c comp anying drawings . 

[0037 ] Fig. 1 (a) is a perspective view showing 
a mold according to the present invention, and Fig. 
1 (b) is a developed view thereof. 
[0038] In Figs, 1 {a) and 1 (b), reference 
numeral 1 denotes a mold, reference numeral 2 
denotes a bottom surface member, reference numeral 
3 (3a, 3b) denotes a lateral surface member, 
reference numeral 4 denotes an engaging section, 
reference numeral 5 denotes a projection, and 
reference numeral 6 denotes a recess. 



[0039] The mold 1 is a division mold that can 
be divided and assembled. 

[ 004 0 ] The mold 1 is composed of graphite, for 
example, and is a combination of one bottom surface 
member 2 composing the bottom of the mold and four 
lateral surface members 3 (3a and 3b) composing 
the sides of the mold 1. 

[0041] As shown in Figs. 1 (a) and 1 (b), the 
four lateral surface members 3 are provided so as 
to surround the outer periphery of the bottom 
surface member 2 provided at the bottom. Each of 
the lateral surface members 3 comprises an 
engaging section 4 for engaging the projection 5 
and the recess 6 on the side of the lateral surface 
member. k ,3 s o ...a._s. to couple the lateral .surface 
members 3 to each other. The lateral surface 
members 3 are combined and provided upright by 
engaging the projection 5 of the one lateral 
surface member 3a into the recess 6 of the other 
lateral surface member 3b or engaging the recess 
6 of the one lateral surface member 3a into the 
projection 5 of the other lateral surface member 
3b, thereby forming the mold 1. 

[0042] The above-mentioned mold 1 according to 
the present invention has a configuration using 
no screws, bolts, or the like for assembling and 
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fixing the mold, unlike the conventional mold. 
[0043] For example, the density of liquid 
silicon is higher than that of solid silicon, and 
silicon is a material that expands when it is 
solidified. Therefore, silicon experiences 
stress in the direction in which the bottom surface, 
member 2 and the lateral surface members 3 in the 
mold 1 spread outward when a silicon melt is cooled 
and set within the mold 1. 

[0044] The mold 1 according to the present 
invention does not have the problem that the fixing 
of a joining portion between the bottom surface 
member 2 and the lateral surface member 3 in the 
mold 1 or between the lateral surface members 3 
i s . loo s.en.ed by the fracture .of a. s..crew, a bolt, 
or the like and the wear of a thread, as compared 
with a configuration using screws, bolts, or the 
like, which can prevent the silicon melt that is 
being cooled and set within the mold 1 from 
leaking . 

[0045] The problem that the thread is stripped, 
a mold member itself cannot be used, and the life 
of a high-cost graphite mold member is shortened 
is solved, 

[004 6] Ass emb ly and disassembly work of the mold 
is more dramatically simplified, and working 
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efficiency is more significantly improved, as 
compared with those in the conventional mold to 
which a large number of screws or bolts had to be 
attached for the purpose of fixing. 
[0047] The mold 1 according to the present 
invention is so configured that out of engaging 
surfaces 4a that are surfaces where the projection 
of the lateral surface member 3 and the recess of 
the other lateral surface member 3 adjacent 
thereto are fitted into or engaged with and abutted 
against each other (refer to surfaces 
substantially level with the bottom surface of the 
bottom surface member 2 out of surfaces composing 
the engaging section 4), the distance d between 
...the. engaging surface close.st...to..-the upper side of 
the lateral surface member and the upper side is 
within a range of not less than 1 cm nor more than 
8, as shown in Fig. 1. The distance d is preferably 
in a range of not less than 1 cm nor more than 4 
cm . 

[00 4 8] This allows the lateral surface member 
3 to be kept more substantially perpendicular to 
the bottom surface member 2. 

[0049] The reason for this is that the lateral 
surface member 3a having the recess 6 is easily 
moved in a direction indicated by an arrow P both 
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inward and outward because its upper part is not 
regulated by the other lateral surface member 3b 
in a joining portion between the projection 5 and 
the recess 6 respectively positioned at uppermost 
parts of the lateral surface members 3, The 
movement of the lateral surface member 3b is 
regulated by the adjacent lateral surface member 
3a in a case where its upper part attempts to be 
curved inward, while there is nothing to be 
regulated in a case where the upper part attempts 
to be curved outward, 

[ 0050 ] When the mold member is thin, therefore, 
the lateral surface member 3 may warp outward due 
to stress created by cooling and setting of the 
..silicon melt. The latexalsurf ace member 3 itself 
is opened by such warping of the lateral surface 
member 3, a side surface of a silicon ingot cast 
by the mold is also inclined, and an end material 
portion, which will not be a product, of the 
silicon ingot is enlarged so that an extra 
high-cost silicon raw material must be removed 
extra. Therefore, the production cost of the 
silicon ingot rises. 

[ 0051 ] When the width d from the upper side of 
the lateral surface member 3 to the engaging 
surface 4a is as narrow as not less than 1 cm nor 



more than 8 cm and preferably not less than 1 cm 
nor more than 4 cm, therefore, warping of the upper 
part of the lateral surface member 3 caused by 
stress created by cooling and solidification of 
the silicon melt can be reduced. 

[0052]' This causes the lateral surface member 
3 to be kept substantially perpendicular to the 
bottom surface member 2, so that removal of the 
end material portion of the ingot can be minimized. 
Therefore, the rise in the production cost of the 
silicon ingot can be restrained. 

[0053] When the range d is made smaller than 1 
cm, wear due to repetitive use particularly 
extends to the projection 5, so that the projection 
...5 is liable to be ..damaged. Therefore, the. .life 
of the mold member is shortened. When the range 
d is made larger than 8 cm, the upper part of the 
lateral surface member 3 warps, so that the lateral 
surface member 3 is not kept substantially 
perpendicular to the bottom surface member 2, and 
the end material portion, which will not be a 
product, is enlarged. Therefore, the production 
cost of the silicon ingot is increased. 
[0054] Description is made of another engaging 
structure of the mold according to the present 
invent ion , 
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[0055] Fig. 3 (a) is a perspective view showing 
a mold according to the present invention, and Fig, 
3 (b) is developed view thereof* 

[ 005 6 ] In the mold 1, a lateral surface member 
3c is so adapted that the positions of a projection 
5 and a recess 6 in an engaging section 4 that are 
respectively provided on the sides on both sides 
thereof are in an asymmetrical relationship with 
respect to a center line F of the lateral surface 
member 3c. 

[0057] Furthermore, the number of projections 
5 and the number of recesses 6 that are provided 
on the one side of the lateral surface member 3c 
are respectively even numbers {two each in the 
drawing ) . 

[0058] In the mold 1 according to the present 
embodiment, when an attempt for the lateral 
surface member 3c to be curved inward is made, the 
movement thereof is regulated by the adjacent 
lateral surface member 3c. 

[0059] The projection 5 and the recess 6 are thus 
respectively provided at both ends of the lateral 
surface member 3c so as to have an asymmetrical 
relationship so that the assembled mold 1 is firmly 
fixed with the effect of warping and deflection 
of the lateral surface member 3c alleviated. 
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[0060] It is desirable that the lateral surface 
member 3c in the mold 1 according to the present 
embodiment has the projection 5 and the recess 6 
provided on the sides on both sides thereof so as 
to satisfy a point-symmetrical relationship with 
respect to a center point G of the lateral surface 
member 3c. Thus, whichever recess and projection 
are respectively selected and combined, they can 
be engaged with each other. 

[0061] The projection 5 and the recess 6 thus 
have a p o i n t - s ymme t r i c a 1 structure so that they 
have the same shape even if they are rotated 
through 180 degrees. Therefore, the concept on 
verticality of the lateral surface member 3c is 
eliminated. 

[0062] The mold 1 has a mold heating means 
composed of a resistance heating heater, an 
induction heating coil, or the like provided in 
its upper part, a side wall of the mold 1 being 
covered with a mold insulating material composed 
of a graphite molded member or the like, and has 
a cooling means provided in its lower part, A 
silicon melt poured into the mold 1 is cooled from 
the bottom of the mold so that the silicon melt 
can be solidified in one direction upward from the 
bottom only by being heated from the top of the 
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mold. Therefore, as the upper part of the mold 
is heated by the mold heating means, the mold 
member vigorously wears, so that the life of the 
mold is shortened. In the structure of the lateral 
surface member according to the present 
embodiment, however, the lateral surface member 
has the same shape even if it is rotated through 
180 degrees. Therefore, the upper part and the 
lower part of the lateral surface member can be 
reversed. As a result, the life of the mold member 

■ 

can be lengthened. 

[0063 ] Since all the shapes of the four lateral 
surface members 3c are the same, the mold is 
assembled only by the lateral surface members in 
one shape. Therefore, the production cost of a 
silicon ingot can be restrained. 

[0064] Also in the present embodiment, when the 
distance d from the upper side of the lateral 
surface member 3 to the engaging surface 4a is made 
as narrow as not less than 1 cm nor more than 8 
cm and preferably not less than 1 cm nor more than 
4 cm, warping in the upper part of the lateral 
surface member 3c caused by stress created when 
the silicon melt is cooled and solidified can be 
reduced . 

[0065] Description is now made of another 
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embodiment of a mold according to the present 
invent ion. 

[0066] Fig. 4 (a) is a side sectional view 
showing a mold according to the present invention, 
and Fig. 4 (b) is a c r o s s - s e c t i o n a 1 view taken 
along a line A - A shown in Fig. 4 (a). 
[0067] A lateral surface member 3 in a mold 1 
has an engaging structure described in Figs. 1 to 
3. A bottom surface member 2 in the mold 1 has 
a groove 7 for accepting the bottom side of the 
assembled lateral surface member 3 on its surface. 
The groove 7 is in a square shape as viewed from 
the top, and divides the bottom surface member 2 
into a bottom surface center 2a and a bottom 
surface ..outer periphery 2b . 

[0068] The bottom surface center 2a has its 
sides each corresponding to the bottom side of the 
lateral surface member 3 and serves as an inner 
bottom surface of the mold 1, 

[0069] In a case where the bottom side of each 
of the lateral surface members 3 is engaged with 
the groove 7 and provided upright so as to surround 
the bottom surface center, wedges 8 are 
respectively arranged in clearances between outer 
peripheral surfaces of the four lateral surface 
members 3 and the bottom surface outer periphery 
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2b. In other words, the mold 1 is assembled by 
providing the bottom surface member 2 with the 
groove 7, placing the lateral surface member 3 in 
the groove 7, and driving the wedge 8. 
[0070] Usable as the wedge 8 is a carbon 
fiber-reinforced carbon material (C/C material), 
for ex amp 1 e * 

[0071] When a silicon melt is held in the mold 
1, stress due to the weight of the silicon melt 
is applied to the bottom of the mold 1- 
Particularly when the size of the mold is 
increased, the stress applied to the bottom of the 
mold is further increased. Therefore, a clearance 
is formed in a joining portion between the bottom 
..surface member 2 and each of. the. lateral surface 
members 3, so that the silicon melt may leak out. 
In the configuration according to the present 
invention, however, the bottom surface member 2 
and each of the lateral surface members 3 are 
firmly fixed to each other using the wedge 8 
without loosening the joining portion between the 
bottom surface member 2 and each of the lateral 
surface member 3. Therefore, the leakage of the 
silicon melt is restrained, so that the size of 
the mold 1 can be increased. 

[0072] Here, the shape of the wedge 8 and the 



number of wedges to be used are not particularly 
limited. For each of the lateral surface members 
3, one long wedge 8 extending over the whole side 
surface of the lateral surface member 3 may be 
driven therein. Alternatively, a plurality of 
small wedges 8 may be attached to the lateral 
surface member 3. 

[0073] The bottom surface center 2a serving as 
the inner bottom surface of the mold 1 and the 
bottom surface outer periphery 2b having a wedge 
receiving function need not have the same height. 
It is prefer able . that the bottom surface outer 
periphery 2b is made higher than the bottom surface 
center 2a, as shown in Fig, 4 (a), for example, 
because the respective functions can be suitably 
p e r f o rme d . 

[0074] Description is now made of another 
embodiment of a mold according to the present 
invent ion . 

[0075] Fig. 5 (a) is a side sectional view 
showing another embodiment of a mold according to 
the present invention, and Fig. 5 (b) is a 
cross-sectional view taken along a line B - B shown 
in Fig. 5 ( a ) . 

[0076] A lateral surface member 3 in the mold 
1 has the engaging structure described in Figs. 
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1 to 3. In the mold according to the present 
embodiment, a bottom surface member 2 is in a 
substantially square shape as viewed from the top, 
whose sides respectively correspond to the bottom 
sides of four lateral surface members 3 
[0077] The mold 1 further comprises a mold 
holder 9 for placing a bottom surface member 2, 
four lateral surface members 3 provided upright 
so as to surround the bottom surface member 2 on 
an upper surface of the mold holder 9, a plurality 
of wedge receivers 10 surrounding respective outer 
peripheral surfaces of the lateral surface members 
3, and wedges 8 respectively arranged in 
clearances between the outer peripheral surfaces 
of the lateral surface members 3 and the plurality .. 
of wedge receivers 10. In other words, the mold 
lis assembled by placing the bottom surface member 
2 on the mold holder 9 provided with the wedge 
receivers 10, arranging the four lateral surface 
members 3 so as to surround the outer periphery 
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of the bottom surface member 2, and respectively 
driving the wedges 8 between the outer surfaces 
of the lateral surface members 3 and the wedge 
receivers 10. 

[0078] The wedge receiver 10 and each of the 
lateral surface members 3 can be firmly fixed to 
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each other without loosening a joining portion 
between the bottom surface member 2 and the lateral 
surface member 3 by driving the wedge 8 between 
the wedge receiver 10 and the lateral surface 
member 3. Therefore, the leakage of a silicon melt 
is restrained, so that the size of the mold 1 can 
be increased- The necessity of subjecting the 
bottom surface member 2 composed of a high-cost 
graphite mold member to special processing for 
pre vent ing . the leakage of the silicon melt is 
eliminated, so that the rise in the cost of the 
mold can be restrained. 

[0079] The mold according to the present 
invention may be so configured that a plurality 
of wedge receivers, 10. . (10a, 10b) provided on, a mold 
holder 9 are removable from an upper surface of 
the mold holder 9, as shown in Fig. 6. Even in 
a case where the wedge receiver 10 wears with 
repetitive use by removably attaching the wedge 
receiver 10 to the upper surface of the mold holder 
9, only the wedge receiver 10 can be independently 
replaced, and the mold holder 9 need not be 
replaced and is continuously reusable. Therefore, 
the cost of the mold can be reduced. 
[0080 ] At this time, an example of a method of 
fixing the wedge receiver 10 is a method of 
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subjecting the mold holder 9 and the wedge receiver 
10 to hole processing and engaging a wedge receiver 
fixing member 11 having such a diameter that it 
is just engaged with a hole to fix the wedge 
receiver 10, as shown in Fig. 6. 
[0081] Alternatively, four or more wedge 
receivers 10 arranged parallel to each of lateral 
surface members 3 in a mold 1 are fixed so as to 
be interposed using a wedge receiver fixing bolt 
12 and upper and lower nuts 13a and 13b in one or 
a plurality of areas, as shown in an enlarged 
sectional view around a wedge shown in Fig. 7, The 
configuration as shown in Fig, 7 causes the wedge 
receiver 10 to be fixed to a mold holder 9 more 

reliably As a .result, a joining po.rtian .between 

a bottom surface member 2 and each of the lateral 
surface members 3 can be more firmly fixed to each 
other . 

[0082] When the plurality of wedge receivers 10 
are removable from an upper surface of the mold 
holder 9 , as described above, it is desirable that 
a clearance between the wedge receiver 10a 
arbitrarily selected out of the plurality of wedge 
receivers 10 and the other wedge receiver 10b 
arranged at a position opposed thereto with the 
bottom surface member 2 sandwiched therebetween 



is adjustable on the upper surface of the mold 
holder 9 . 

[0083] Specifically, the inside dimension D of 
a wedge receiver fixing hole 14 provided in the 
mold holder 9 so as to attach the wedge receiver 
fixing bolt 12 may be made larger than the outside 
dimension E of the wedge receiver fixing bolt 12, 
as shown in Fig. 7. This allows the position of 
the wedge receiver 10 to be adjusted in a range 
determined from the inside dimension D and the 
outside dimension E. Therefore, a clearance 
between the opposed two wedge receivers can be 
adjusted. 

[0084] Since the clearance between the wedge 

receivers 1.0 a and 10b can be thus adjusted, the 

wedge receivers can be fixed without loosening the 
fixing of a mold member by adjusting the clearance 
between the opposed two wedge receivers 10a and 
10b even when a joining portion between the bottom 
surface member 2 and each of the lateral surface 
members 3 or a surface where the wedge 8 and the 
wedge receiver 10 are brought into contact with 
each other wears, for example. It is desirable 
that the inside dimension D of the wedge receiver 
fixing hole 14 is increased within 5 mm which is 
larger than the outside dimension E of the wedge 



receiver fixing bolt 12. When the inside dimension 
D of the wedge receiver fixing hole 14 exceeds 5 
mm rather than the outside dimension E of the wedge 
receiver fixing bolt 12, the adjustment width of 
the clearance between the opposed two wedge 
receivers 10a and 10b is increased by not less than 
an adjustment amount required to eliminate play 
produced by the wear of the member, which is not 
preferable because it becomes difficult to 
position of the wedge receivers 10a and 10b. 
[0085] Description is now made of another 
configuration of the mold according to the present 
i n v e n t i o n . 

[ 008 6] Fig. 8 (a) is a perspective view showing 
a .mold .according to the pre.sent .Invention, and 
Figs, 8 (b) and 8 (c) are plan views each showing 
still another embodiment. 

[0087] The mold 1 comprises a frame-shaped 
member 15 arranged so as to surround the outer 
periphery of its side surfaces integrated by 
engaging adjacent lateral surface members 3 for 
constraining displacement therebetween. 
[ 0088 ] By fixing the outer periphery of the side 
surfaces of the mold using the frame-shaped member 
15, the engaging strength between the lateral 
surface members 3 is increased, and a joining 
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portion between the bottom surface member 2 and 
each of the lateral surface members 3 is fixed, 
so that the mold can be increased in size and 
thinned. Since the use of the frame-shaped member 
15 makes attachment and detachment to and from the 
mold 1 easy, and allows assembly and disassembly 
work of the mold 1 to be smoothly performed. 
[ 0089 ] The frame-shaped member 15 may be in such 
a shape that the whole periphery of the lateral 
surface member 3 is fixed, as shown in Fig. 8 (b), 
or in such a shape that only the corners of the 
mold are fixed, as shown in Fig, 8 (c) • 
[0090] It is desirable that the frame-shaped 
member 15 is composed of a carbon f i b e r - r e i n f o r c e d 
carbon material (C/C material.), .being lightweight 
and high in strength, for example, as in the 
foregoing. If the thickness h thereof is set to 
3 to 10 mm, handling is easy and sufficient 
strength is obtained, 

[0091 ] The lateral surface member 3 in the mold 
1 easily spreads toward its upper end due to 
expansion caused by cooling and setting of a 
silicon melt. Particularly when the mold 1 is 
increased in size and thinned, the effect thereof 
is great. Therefore, it is preferable that the 
frame-shaped member 15 is provided within 4 cm from 
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the upper end of the mold 1. 

[0092] Furthermore, if fixing of the bottom 
surface member 2 and each of the lateral surface 
members 3 by the wedge 8 driven into the bottom 
of the mold shown in Figs. 4 to 7, described above, 
and fastening of the lateral surface members 3 by 
the frame-shaped member 15 are simultaneously 
performed, a joining portion between the members 
is firmly fixed, which is preferable because the 
mold 1 can be further increased in size and 
t h inn e d . 

[0093] Although in the above-mentioned mold, 
the lateral surface members 3 are directly pressed 
by the frame-shaped member 15, a mold, described 
below, has a configuration,.^ which play is given 
between the mold 1 and a frame-shaped member 15, 
and a pressing jig 16 is arranged in a clearance 
therebetween, to constrain displacement between 
lateral surface members 3. 

[ 0094 ] Figs. 9, 11, and 12 are diagrams showing 
a mold having this configuration, where Fig- 9 (a) 
is a perspective view showing the configuration 
of the mold, and Fig, 9 {b) is a plan view thereof. 
Fig. 11 (a) is a perspective view showing a mold 
having another configuration, and Fig. 11 (b) is 
a plan view thereof. Fig. 12 (a) is a perspective 



view showing a mold having still another 
configuration, and Fig, 12 (b) is a plan view 
thereof . 

[0095] Figs. 10 (a) to 10 (c) are perspective 
views showing an example of a pressing jig in the 
mold according to the present invention shown in. 

Figs. 11 ( a ) and 11 (b ) . 

[0096] The mold 1 shown in Fig. 9 comprises a 
frame-shaped member 15 arranged with play given 
between the frame-shaped member and the mold 1 so 
as to surround the outer periphery of four lateral 
surface members 3 integrated by engaging the 
adjacent lateral surface members 3. A pressing 
jig 16 is arranged in a clearance between an outer 
corner formed by,, the . adjacent lateral surface ...... 

members 3 in the mold 1 and the frame-shaped member 
15, to constrain displacement between the lateral 
surface members 3. 

[0097] In the example shown in Fig. 9, two 
pressing jigs 16 are provided in four areas at each 
of the outer corners per one frame-shaped member 
15. The two lateral surface members 3 forming the 
corner of the mold 1 are respectively pressed, by 
the two pressing jigs 16. 

[0098] The frame-shaped member 15 is thus 
arranged with play between the frame-shaped member 
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and the lateral surface member 3 in the mold 1, 
so that attachment to the mold 1 is easy, and the 
mold 1 and the frame-shaped member 15 are reliably 
fixed to each other by the pressing jigs 16* Even 
when the lateral surface member 3 is thinned/ 
therefore, the mold 1 can be prevented from 
spreading outward due to expansion caused by 
cooling and setting of a silicon melt. 
[0099] The frame-shaped member 15 can be easily 
removed from the mold 1 by removing the pressing 
jigs 16. Therefore, assembly and disassembly work 
of the mold 1 can be more smoothly performed, as 
compared with assembly and disassembly work of the 
conventional mold to which a large number of screws 
or bolts must. be. attached for the purpose of. 
fixing. . 

[0100] When stress is applied to the center of 
each of the lateral surface members 3 for the 
purpose of fixing, the lateral surface member 3 
is deflected inward. When a silicon ingot is 
formed, therefore, an end material portion, which 
will not be a product, of the silicon ingot is 
enlarged, so that an extra high-cost silicon raw 
material must be removed, which is not preferable 
because the production cost of the silicon ingot 
rises. However, a total of eight pressing jigs 
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16 (two pressing jigs per one corner of the mold 
1) are arranged and fixed, as shown in Fig. 9, so 
that stress created by fixing of the frame-shaped 
member 15 is applied to an end of the lateral 
surface member 3 and particularly, an engaging 
section 4. Thus, stress applied to the center of 
each of the lateral surface members 3 is alleviated 
while reliably fixing the lateral surface member 
3, so that inward deflection of the lateral surface 
member 3 can be restrained. 

[0101] It is desirable that the pressing jig 16 
is in a wedge shape. The thinner pressing jig is 
inserted into a clearance between the mold 1 and 
the frame- shaped member 15 and is driven and fixed, 
so that e.ach - o.f .. the lateral surface, me.nib.ers 3 in 
the mold 1 can be held more reliably. Further, 
the fixing strength of the frame-shaped member 15 
can be also adjusted by adjusting the driving 
strength of the pressing jig 16. 

[0102] Furthermore, the pressing jig is formed 
from one member or formed by integrally assembling 
a plurality of members, as shown in Figs. 10 (a) 
to 10 (c) . The pressing jig may have two jig 
surfaces respectively abutted against the outer 
peripheral surfaces of the two lateral surface 
members 3 forming the outer corner of the mold 1. 
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[0103] A pressing jig 17 shown in Fig. 10 (a) 
is an integral- type jig comprising two jig 
surfaces 17a and 17b. The pressing jig 17 is 
arranged at each of outer corners in four areas 
on side surfaces of the mold 1 and is so configured 
that the jig surfaces 17a and 17b are respectively 
abutted against the outer peripheral surfaces of 
the two lateral surface members 3 forming the 
corner. Consequently, the corner between the side 
surfaces of the mold 1 is held by the one pressing 
jig 17, so that two surfaces of the lateral surface 
members 3 forming the corner can be pressed with 
a more uniform force. The possibility that only 
one of the two pressing jigs is deeply filled in 
the mo. Id 1 s.o..that an unreasonable force. is applied 
to the mold 1 in the case shown in Fig. 9 is 
eliminated. As a result, the mold 1 is prevented 
from being deformed and damaged, which can prevent 
the life of a mold member from being shortened. 
Further, the number of pressing jigs 17 required 
is four. Therefore, the number of components can 
be reduced, as compared with that in the case shown 
in Fig. 9, so that fixing and disassembly work can 
be simplified and material costs can be reduced. 
[0104] As shown in Fig. 10 (b), it is desirable 
that a pressing jig 18 has a relief groove 18a 
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provided in an area corresponding to an outer 
corner of the mold 1 such that the outer corner 
is not directly abutted against the pressing jig 
18. This can prevent the corner between the side 
surfaces of the mold 1 from being brought into 
direct contact with the pressing jig 18 in 
attaching and detaching the pressing jig 18 to and 
from the frame-shaped member 15. Even if 
attachment and detachment work is repeatedly 
performed, therefore, the corner between the side 
surfaces of the mold 1 that is easy to damage can 
be prevented from being deformed and damaged, 
leading to reduction in the cost of the mold 1. 
[0105] As shown in Fig. 10 (c), there may be 
pro vi.de.d-. a wide portion 19a tlx a t_i a.,w i d e in an upper 
part of an integral-type pressing jig 19. By 
providing such a wide portion 19a, the wide portion 
19a can be directly pressed in a case where the 
pressing jig 19 is inserted into a clearance 
between the mold 1 and a frame-shaped member 7. 
In a case where the pressing jig 19 is firmly 
pressed, the wide portion 19a may be tapped. 
Further, the pressing jig 19 has such an effect 
that it can be pulled out with the wide portion 
19a held when it is removed, resulting in further 
imp roved workability. 



[0106] As shown in Figs. 12 (a) and 12 (b), the 
inner periphery of a f raiae-shaped member 15 may 
be provided with projections 15a, directed toward 
opposed four lateral surface members 3 in the mold 
1. Although the lateral surface member 3 in the 
mold 1 is deflected outward due to expansion caused 
by cooling and setting of a silicon melt, when a 
member of the mold 1 is thinned, the effect thereof 
is increased. If the frame-shaped member 15 is 
provided with the projection 15a, an outer 
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peripheral surface of the lateral surface member 
3 is abutted against the projection 15a, and the 
movement thereof is regulated, so that outward 
deflection of the lateral surface member 3 can be 
r e. sJijt ained, 

[0107] The projection amount of the projection 
15a may be also the same as the width of a clearance 
between the mold 1 and the f r ame - s h ap e d member 15, 
as also shown in a plan view of Fig. 12 (b) . It 
is desirable that the projection 15a presses a 
substantially central portion on an outer 
peripheral surface of the lateral surface member 
3. The reason for this is that the displacement 
particularly at the center H of the lateral surf a-ce 
member 3 becomes significant due to expansion 
caused by cooling and setting of the silicon melt. 



[0108] Although in the above-mentioned 
embodiment/ description was made of an example in 
which the projection 15a provided in the 
frame-shaped member 15 is brought into contact 
with one of the lateral surface members 3 in one 
area, the present invention is not limited to the 
same. For example, projections 15a may be 
respectively provided in a plurality of (two or 
three or more) frame-shaped members 15 and brought 
into contact with one of the lateral surface 
members 3 in a plurality of areas. In a case where 
there are two frame-shaped members 15, it is 
desirable that a straight line formed by 
connecting projections 15a respectively provided 
in the upper and lower., f.rame-shaped members, 15 
passes through the center H. In a case where there 
are three or more frame-shaped members 15, it is 
desirable that the center H is included inside a 
figure formed by connecting projections 15a 
respectively provided in the three frame-shaped 
members 15. The reason for this is that the 
displacement at the center H can be effectively 
restrained by each of the projections 15a. 
[0109] -Furthermore, the projection 15a in the 
one frame-shaped member 15 may be brought into 
contact with the one lateral surface member 3 in 



two or more areas. 

[0110] It is desirable that the pressing jigs 
16 to 19 are composed of a carbon f i b e r - r e i n f o r c e d 

■ 

carbon material (C/C material) or the like being 
lightweight and high in strength. It is desirable 
that a surface, in contact with the outer 
peripheral surface of the lateral surface member 
3 in the mold 1, of each of the pressing jigs 16 
to 19 is a plane, and a surface, in contact with 
the frame-shaped member 15, of the pressing jig 
is in a wedge shape having a predetermined slope. 
[0111] The lateral surface member 3 in the mold 
1 more easily spreads toward its upper end in the 
configuration according to the .present invention 
due to expansion, caused by cooling and setting, of. 
the silicon melt. Particularly when the mold 1 
is increased in size and thinned, the effect 
thereof is large. Therefore, it is preferable that 
the frame-shaped member 15 is provided within 4 
cm from the upper end of the mold 1. 
[0112] Furthermore, fixing of the bottom 
surface member 2 and each of the lateral surface 
members 3 by the wedge 8 driven into the bottom 
of the mold shown in Figs. 4 to 7 , described above, 
and fastening of the lateral surface members 3 by 
the frame-shaped member 15 are simultaneously 
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performed, so that each of joining portions 
between the members is firmly fixed, which is 
preferable because the mold 1 can be further 
increased in size and thinned. 

[0113] In a case where the frame-shaped member 
15 is used, it is desirable that the frame-shaped 
member 15 is arranged at a position of an engaging 
surface 4a serving as a surface where a projection 
of the lateral surface member 3 and a recess of 
the adjacent lateral surface member 3, which are 
engaged with each other, are abutted against each 
other, as shown in Figs, 13 (a) and 13 (b). The 
engaging surface 4a refers to a surface, which is 
substantially level with a bottom surface of the 
bottom surface member 2, out of surf aces ..composing 
the engaging section 4. Even if stress is greatly 
applied to the lateral surface member 3 as the 
frame-shaped member 15 is fixed, therefore, the 
lateral surface member 3 can be prevented from 
being deflected, 

[0114] Description is now made of a method of 
using the mold 1 according to the above-mentioned 
embodiment of the present invention. 
[0115] In employing the mold 1, it is desirable 
that a mold inner surface comprising a bottom 
surface member 2 and lateral surface members 3 and 
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locking sections comprising four corners and eight 
ridges are provided with a mold release material. 
[0116] The mold release material can be formed 
by mixing powder of silicon nitride (Si 3 N 4 ) with 
a PVA (polyvinyl alcohol) solution and applying 
a mixture obtained to an inner surface of the mold 
1, for example. Silicon nitride in the form of 
powder is changed into a slurry form by being mixed 
with the PVA solution or the like, so that it is 
easily applied to the mold 1. Used as the powder 

■ 

of silicon nitride is one having an average 
particle diameter of approximately 0.4 to 0*6 Jim . 
Such silicon nitride is changed into a slurry form 
by being mixed in a polyvinyl alcohol solution 
having a can centration of approxim a.t e 1 y. .5 ... to 15 % 
by weight, and is applied using a paddle, a brush, 
a dispenser, or the like. A mixture of powder of 
silicon nitride and powder of silicon dioxide may 
be app lied. 

[0117] By providing such a mold release 
material, an inner wall of the mold 1 and a silicon 
ingot are hardly welded after a silicon melt is 
solidified, so that the mold can be employed 
repeatedly many times. A locking section between 
the bottom surface member 2 and each of the lateral 
surface member 3 is more reliably sealed with the 
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mold release material additionally applied in the 
third process, described below, so that leakage 
of the silicon melt is reduced, 

[0118] It is desirable that a specific method 
of forming a mold release material is carried out 
through three processes, next described. As the 
first process, a mold release material in the form 
of a slurry obtained in the above-mentioned way 
is applied to surfaces of the bottom surface member 
2 and the four lateral surface members 3, followed 
by drying. As the second process, the four lateral 
surface members 3 are provided upright with the 
bottom surface member 2 used as a bottom surface, 
and are assembled in a box shape such that a surface 
coated ,with .the mold release mat.eria.1 .positioned 
inside. As the third process, the mold release 
material is additionally applied by a dispenser, 
for example, to locking sections, comprising four 
corners and eight ridges, which are formed by the 
bottom surface member 2 and the lateral surface 
memb e r s 3 . 

[0119] If the mold release material forming 
method is carried out through the three processes, 
each of the mold members may be coated with the 
mold release material before the mold 1 is 
assembled, and the mold release material may be 
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only additionally applied to a joining portion 
between the mold members, so that work is 
dramatically simplified and working efficiency is 
significantly imp r o v e d . 

[0120] In such a way, the mold according to the 
present invention can be realized. 

[0121] In the conventional example, a material 
for the mold member has been limited to one capable 
of carrying out an additional process for 
attaching screws, bolts, or the like to a mold 
member. For example, a graphite material has been 
used. In the present invention, however, the 
above-mentioned complicated processing need not 
be performed, and the structure of the mold member 
can... be. ..si g.ni ficantly simplified*.. ..therefore , the 
mold member is not limited to the graphite 
material. For example, various types of 
refractories such as molten silica, silicon 
nitride, and silicon carbide can- be used. 
[0122] The embodiment of the present invention 
is not limited to only the above-mentioned 
example. It goes without saying that various 
changes can be made without departing from the 
scope of the present invention. 

[0123] Although description was made of an 
example in which the silicon melt is held to 
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solidify p o 1 y c r y s t a 1 1 i n e silicon, the present 
invention is not limited to 1 the same. The same 
effect can be produced even if other materials are 
used. For example, a mo n o c r y s t a 1 1 i n e silicon 
ingot may be grown from the silicon melt using 
mono c r y s t a 1 1 i n e silicon held in a predetermined 
direction at the bottom of the mold as a seed. The 
material is not limited to a semiconductor 
nonmetal material. For example, a metal material 
may be used, provided that it is cast by a casting 
method . 

[0124] A material mainly composed of carbon, for 
example, a graphite felt and particularly, a mold 
i n s u 1 a t i n g ma t e r i a 1 (not shown) having its surface 
.subjacted to coating processing, using carbon 
powder, or the like may be arranged on the outer 
periphery of the mold 1. The member may be 

i- 

interposed between the wedge 8 and the wedge 
receiver 10 or between the wedge 8 and the lateral 
surface member 3, Alternatively, the member may 
be interposed between the frame-shaped member 15 
and the lateral surface member 3. Such a mold 
■ insulating material is for insulating a side 
surface of the mold 1 to solidify the mold 1 in 
one direction in a casting method for obtaining 
a p o 1 y c r y s t a 1 1 i n e silicon ingot, as described 
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later . 

[0125] Description is then made of a method of 
casting a silicon ingot using a casting method and 
a method of producing a polycrystalline silicon 
substrate for obtaining a polycrystalline silicon 
substrate from the silicon ingot. 

[0126] The polycrystalline silicon substrate is 
generally produced by a method referred to as a 
casting method. The casting method is a method 
of cooling and setting a silicon melt within a mold 
coated with a mold release material to form a 
polycrystalline silicon ingot. An end of the 
silicon ingot is removed, the remaining silicon 
ingot is cut down to desired dimensions, and the 
.cu.t ingot is sliced to a desired thickness, to 
obtain a polycrystalline silicon substrate for 
forming a solar cell. 

[0127] In order to carry out the casting method, 
a silicon casting device shown in Fig. 14, for 
example, is used. In Fig. 14, reference numeral 

■ 

21a denotes a melting crucible, reference numeral 
21b denotes a holding crucible, reference numeral 
22 denotes a pouring port, reference numeral 1 
denotes a mo 1 d ■ a c c o r d i n g to the present invention, 
re f erence numeral 24 denotes heating means, and 



r e 



ference numeral 25 denotes a silicon melt. 
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[0128] The melting crucible 21a for melting a 
silicon raw material is held in the holding 
crucible 21b and arranged therein, and the porting 
port 22 for pouring the silicon melt by inclining 
the melting crucible 21a is provided at an upper 
edge of the melting crucible 21a. The heating 
means 24 is arranged around the melting crucible 
21a and the holding crucible 21b, and the mold 1 
into which the silicon melt is poured is arranged 
below the melting crucible 21a and the holding 
crucible 21b. The melting crucible 21a uses 
high-purity quartz, for example, in consideration 
of a heat resistance performance, the fact that 
impurities are not diffused into the silicon melt, 
■. and so on. The holding .crucible 21b is for holding.. 
the melting crucible 21a composed of quartz or the 
like because the melting crucible 21a is softened 
at high temperatures in the vicinity of a melting 
point of silicon so that the shape thereof cannot 
be maintained. Used as a material for the holding 
crucible 21b is graphite or the like- Examples 
of the heating means 24 include a resistance 
heating heater and an induction heating coil. 
[0129] The mold 1 arranged below the melting 
crucible 21a and the holding crucible 21b is used 
with a mold release material (not shown) , 
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described above, applied to its inner part. Arnold 
insulating material (not shown) for restraining 
heat removal is placed around the mold 1. A carbon 
material is generally used for the mold insulating 
material in consideration of heat resisting 
properties, heat insulating properties, or the 
like- A cooling plate (not shown) for cooling and 
setting the poured silicon melt may, in some cases, 
be placed below the mold 1. These are all arranged 
within a closed chamber (not shown) . 
[0130] A method of producing a silicon ingot 
using the silicon casting device shown in Fig* 14 
is as follows. First, a silicon raw material is 
put into the melting crucible 21a, and the silicon 
raw material .within: the melting crucible 21a is 
dissolved by the heating means 24. After the 
silicon raw material is completely changed into 
a melt 25, the melting crucible 21a is inclined 
to pour the silicon melt into the mold placed below 
the melting crucible 21a from the pouring port 22 
at the upper edge of the melting crucible 21a. • 
After the silicon melt is poured, silicon within 
the mold is cooled from the bottom and is 
solidified in one direction, is then slowly cooled 
while controlling the temperature thereof to a 
temperature at which it can be taken out of a 



furnace, and is finally taken out of the furnace 
to complete the casting. 

[0131] The method is a method referred to as a 
pouring method for c omp letely dissolving a silicon 
raw material serving as a melt in the mold 1 and 
pouring the melt, cooling silicon within the mold 
from the bottom after the melt is poured to 
solidify the silicon in one direction. In addition 
thereto, an in-mold melting method for putting a 
silicon raw material into the mold 1, dissolving 
the silicon raw material in the mold 1, and cooling 
the dissolved silicon from the bottom to solidify 
the silicon may be employed. In the in-mold 
melting method, it is feasible to dissolve a 
material uniformly within the moldU to. ..-form a 
melt, then pass a cooling medium {water, 
refrigeration medium gas, etc.) through a base of 
the mold, to remove heat from the bottom of the 
mold 1, and solidify the melt in one direction from 
the bottom of the mold 1. 

[0132] Fig* 15 is a perspective view for 
explaining a method of slicing an ingot using a 
wi r e s a w . 

[0133] An end material of a p o i y c r y s t a 1 1 i n e 
silicon ingot produced by the above-mentioned 
casting method is cut down to predetermined 



dimensions, to form a semiconductor ingot 31. 
After the semiconductor ingot 31 adheres to a slice 
base 33 made of glass, a carbon material, or a resin 
with adhesives such as epoxy adhesives, the 
semiconductor ingot 31 is cut into a plurality of 
slices using a wire saw device, 

[0134] The semiconductor ingot 31 is made to 
adhere to a slice base 33, and is cut using one 
wire 35 composed of a piano wire having a diameter 
of approximately 100 to 3 0 0 ym, for example, while 
supplying a cutting fluid having abrasive grains 
of SiC or the like mixed with oil or water referred 
to as an abrasive grain slurry from upper several 
areas . 

[013 5 ] .Spiral grooves are provided .-s.o as to be 
spaced a predetermined distance apart from one 
another on a main roller 38. The wire 35 is pulled 
out of a wire supply reel, and is arranged 
substantially parallel to one another with 
predetermined spacing by being wound so as to be 
engaged with a groove on the main roller 38* 

■ 

[0136] A plurality of wires 35 stretched between 
the two main rollers 38 are moved to travel at high 
speed by thus rotating the two main rollers 38. 
A plurality of semiconductor ingots 31 are 
gradually lowered toward the wires 35 and pressed 
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ther eagains t , so that each of semiconductor ingots 
31 is cut, to produce a semiconductor substrate 
having a thickness corresponding to the spacing 
between the wires 35. 

[0137] In cutting using the wire saw device, a 
large number of semiconductor ingots 31 can be 
simultaneously cut, and a kerf loss (cutting loss) 
can be reduced because cutting precision is higher 
than that in another cutting method using an outer 
peripheral edge, an inner peripheral edge, or the 
like, and a wire being employed is thin* 
[0138] A po 1 y cr y s t a 1 1 ine silicon substrate 
produced by this method resists repetitive use, 
and is obtained from a silicon ingot produced using 
a mold .1... whose assembly and- d i s a s.s.emb 1 y work is 
simple, so that lower costs can be expected, 
<Examp 1 e 1 > 

[0139] The mold in the conventional example 
shown in Fig. 17 and the mold having the 
configuration according to the present invention 
shown in Fig. 7 were compared with each other. 
[0140] In the conventional example, one bottom 
surface member (20 mm in thickness) composed of 
graphite having a mold release material composed 
of silicon nitride applied thereto of 2 mm in 
thickness and four lateral surface members (20 mm 
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in thickness) were assembled in a box shape, and 
were fixed using 32 assembling screws ( cp 5 mm by 
40 mm in length), to obtain a mold (2 2 0 mm by 220 
mm in inside dimensions by 250 mm in height) . 
[0141] Twenty-two kg of a silicon melt was 
poured into the obtained mold, the top of the mold 
was heated to 1 4 6 0 °C in an argon (Ar) atmosphere 
whose pressure was reduced to 100 Torr, the 
temperature of the mold was gradually lowered from 
the bottom of the mold to solidify the silicon melt 
in one direction, to obtain a silicon ingot having 
a height of approximately 200 mm. 

[0142] In the example of the present invention, 
one bottom plate (20 mm in thickness) composed of 
graphite having a mold r,.eleaae,,niaterial composed 
of silicon nitride applied thereto of 2 mm in 
thickness and four lateral surface members (20 mm 
in thickness) were assembled in a box shape on a 
mold fixing holder, and were fixed using a wedge 
8 as shown in Fig, 7, to obtain a mold (22 0 mm by 
2 2 0 mm in inside dimensions by 2 5 0 mm in height) . 
[0143] Twenty-two kg of a silicon melt was 
poured into the obtained mold, the top of the mold 
was' heated to 1 4 60 °C in an argon (Ar) atmosphere 
whose pressure was reduced to 100 Torr, the 
temperature of the mold was gradually lowered from 



the bottom of the mold to solidify the silicon melt 
in one direction, to obtain a silicon ingot having 
a height of approximately 200 mm. ■ 

[0144] Casting was repeated ten times by each 
of the two methods, to compare assembling work 
times of the mold, the presences or absences of 
leakage of the silicon melt, and wear conditions 
of the memb er , 

[0145] In the conventional example, the average 
assembling time of the mold was 15 minutes; the 
number of times of leakage of the silicon melt was 
one; the number of times of replacement due to 
fracture of a mold fixing screw and wear of a thread 
was 22; the number of times of replacement due to 
.we.ar of a thread pro.ces.aed,dn a bottom plate or 
a side plate was seven; and the number of times 
of replacement due to embedding of a screw that 
has fractured in a screw mounting hole processed 
in the bottom plate and the side plate was four. 
[0146] On the other hand, in the one present 
invention, the average assembling time of the mold 
was four minutes; silicon never leaked; and all 
the members were in a usable state after ten times 
of casting. 
<Ex amp 1 e 2 > 

[0147] The mold in the conventional example 
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shown in Fig, 17 and the mold having the 
configuration according to the present invention 
shown in Fig- 13 were compared with each other. 
[0148] In the conventional example, one bottom 
surface member (20 mm in thickness) composed of 
graphite having a mold release material composed 
of silicon nitride applied thereto of 2 mm in 
thickness and four lateral surface members (20 mm 
in thickness) were assembled in a box shape, and 
were fixed using 40 assembling screws (cp5 mm by 
40 mm in length), to obtain a mold (3 5 0 mm by 350 
mm in inside dimensions by 350 mm in height) . 
[0149] Eighty-five kg of a silicon melt was 
poured into the obtained mold, the top of the mold 
was heated to 1460 °C in. an argon (Ar) atmosphere., 
whose pressure was reduced to 100 Torr, the 
temperature of the mold was gradually lowered from 
the bottom of the mold to solidify the silicon melt 
in one direction, to obtain a silicon ingot having 
a height of approximately 300 mm, 

[0150] In the example of the present invention, 
one bottom plate (10 mm in thickness) composed of 

■ 

graphite having a mold release material composed 
of silicon nitride applied thereto of 2 mm in 
thickness and four lateral surface members (2 mm 
in thickness) were assembled in a box shape on a 
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mold fixing holder, and were fixed using a wedge 
8 as shown in Fig. 7, to obtain a mold {35 0 mm by 
3 5 0 mm in inside dimensions by 350 mm in height) * 
[0151] A frame-shaped member 15 was placed on 
an engaging surface 4a of a projection and a recess 
of the lateral surface member 3, to change the 
height of the projection or the recess positioned 
in the uppermost part of the lateral surface member 
3, that is, a distance d shown in Fig. 1 in a range 
from 0,5 to 10 cm . 

[0152] Eighty-five kg of a silicon melt was 
poured into the obtained mold, the top of the mold 
was heated to 1 4 6 0 °C in an argon (Ar) atmosphere 
whose pressure was reduced to 100 Ton, the 
temperature of the mold was gradually lowered, from 
the bottom' of the mold to solidify the silicon melt 
in one direction, to obtain a silicon ingot having 
a height of approximately 300 mm. 

[0153] Casting was repeated ten times by each 
of the above-mentioned two methods, to compare the 
presences or absences of leakage of the silicon 
melt, and wear conditions of the member. Table 

1 shows the results of the comparison. 
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<Table 1> 



Thickness 
of lateral 

surface 
memb e r ( cm) 


d { cm ) 


Leakage of 

silicon 
melt ( cm ) 


Numb e r of 
times of 
damage to 
mold 
{times) 


Conventional 
conf iguration 


3 


8 


2 


0 . 5 


0 


2 


2 


1 


0 


0 


2 


4 


0 


0 


2 


8 


0 


1 


2 


1 0 


0 


2 



[0154] In the conventional example, the silicon 
melt leaked three times; and replacement was 
required eight out of ten times due to fracture 
of a mold fixing screw and wear of a thread, wear 
of a thread processed in a bottom plate or a side 
plate, and embedding of a screw that has fractured 
in a screw mounting hole processed in the bottom 
plate and the side plate. 

[0155] On the other hand, in a case where the 
height of the projection or the recess positioned 
in the uppermost part of the lateral surface member 
3, that is, the distance d shown in Fig, 1 was 1 
to 4 cm, which are the most suitable conditions, 
the silicon melt did not leak, and replacement of 
the member was not required. In a case where the 
height of the projection or the recess in the 
uppermost part was 8 cm, replacement was required 



once due to warping deformation of the mold member , 
However, the silicon melt did not leak. In a case 
where the height of the projection or the recess 
was 0.5 cm and 10 cm other than the most suitable 
conditions, replacement was required. However, 
the number of times of replacement of the member 
was made smaller, as compared with that in the 
conventional configuration, so that the effect of 
the present invention was confirmed* 
[0156] From the results, it was confirmed that 
the mold could be increased in size and thinned 
in the configuration according to the present 
invention . 



